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ABSTRACT:
Using thermoelectric coolers (TECs), energy generated from a temperature gradient can solve the problem 
of energy inaccessibility and provide energy readily. The purpose of this study was to create snow pants that 
could harness and convert body heat into energy. It was hypothesized that if there was more surface area in the 
insulation layers of the snow pants, then more heat will be collected. It was determined that the most effective 
and efficient way to harvest energy from body heat was by using TECs that were sewn into a pair of snow 
pants. Snow pants were chosen because the interior and exterior have drastically different temperatures that 
create a temperature gradient, which could ultimately increase the voltage output. Three prototypes were built 
and all produced enough voltage, which can be and will eventually be amplified. Once the voltage is amplified, 
an electronic device will have direct access to power within the pants’ pocket via a USB port. Thermoelectric 
energy presents an innovative and viable option as an energy solution. Using TECs, heat-harvesting backpacks, 
coolers, sleeping bags and more can be produced, making the world a more connected and greener place. 
Des refroidisseurs thermoélectriques (RTE) qui englobent « l’effet de Peltier » peuvent produire de l’énergie 
provenant d’un gradient de température et se posent comme solution au problème de l’inaccessibilité à l’énergie 
en fournissant de l’énergie partout et à tout moment. Le but de cette étude était de créer des pantalons de neige 
qui pourraient exploiter et convertir la chaleur corporelle à l’énergie. L’hypothèse étant que l’existence de plus 
de superficie dans les couches d’isolation des pantalons de neige aurait pour effet plus de chaleur rassemblée. 
Il a été déterminé que la façon la plus efficace de collecter de l’énergie de par la chaleur corporelle était en 
incorporant les RTEs par couture dans une paire de pantalons de neige. Les pantalons de neige ont été le 
vêtement de choix car la température mesuré à leur intérieur et à leur extérieur est dramatiquement différente 
ce qui génère ainsi un gradient de température qui pourrait ultimement augmenter la tension produite. Trois 
prototypes ont été fabriqué et tous ont produit de la tension, assez qui peut être et sera finalement amplifié. Une 
fois que la tension est amplifiée, un dispositif électronique aura accès direct au fonctionnement de l’intérieure de 
la poche de pantalons via un port USB. L’énergie thermoélectrique se positionne comme une solution d’énergie 
très novatrice et viable. En utilisant les RTE, la chaleur peut être récolté des sacs à dos, des refroidisseurs 
d’aliments, les sacs de couchage, tous possible à être produit faisant de ce monde un lieu plus interconnecté et 
plus sain pour l’environnement.
INTRODUCTION:
This study investigated the possibility of harvesting 
thermoelectric energy within the application of snow 
pants. Alternative, innovative ways to harvest energy 
have been in great demand to power Earth’s booming 
population, as well as the boom in the production and 
use of handheld devices. A Cisco Systems’ report 
stated that the number of mobile-connected devices 
will easily top the number of people on the planet by 
the end of 2016, which is expected to reach close to 
7.4 billion people according to a 2011 report by the UN 
Department of Economic and Social Affairs Population 
Division. This staggering amount of technology is a 
product of humanity’s dependence on technology. An 
innovative way for around-the-clock charging is needed 
to charge these devices, especially in areas where 
power sources, such as outlets, are not readily available.
One way to generate power constantly is through 
thermoelectric energy harvesting, the act of harvesting power 
through body heat. The human body is always producing 
and radiating heat regardless of external conditions, so 
harvesting this heat will produce constant energy. 
Commercially, the thermoelectric industry is only starting 
to blossom, and more research is being conducted 
to make consumer items charged by thermoelectrics. 
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The only notable consumer product that is powered by 
body heat is the Seiko Thermic Watch7.  At the industrial 
level, thermoelectrics have proven economically 
and environmentally productive, as thermoelectric 
generators harvest waste heat and turn it into energy. 
In the industrial setting, waste heat is abundant, so 
the amount of energy that can be generated is worthy 
of generating heat from it.  Harvesting waste heat is 
a process also seen in the automobile industry as 
General Motors designed an automotive thermoelectric 
generator (ATEG) to be used in in the exhaust system 
of its Sierra pickup truck.
The idea of harvesting body heat is a novel idea. The 
Peltier Effect, the natural phenomenon that occurs 
when a voltage is produced from the difference of two 
temperatures, is vital for body heat harvesting due to 
the low amount of heat present in the environment. To 
compensate for the TECs low efficiency, which hovers 
around 7%-10%, conductive insulation needs to be used. 
Conductive insulation involves using thermally conductive 
material that acts as a magnate which draws heat 
towards the TEC. The more heat that is drawn towards 
the TEC, the more energy will be generated. This is why 
it was hypothesized that if there is more surface area in 
the insulation layers of the snow pants, then more heat 
will be collected, producing more voltage.
MATERIALS AND METHODS: 
Materials:
The Principle Investigator used TECs from TECTEG, 
snow pants from Outdoor Gear, 3M adhesive spray, 
and three types of conductive insulation (copper 
wire mesh, aluminum wire mesh, Sil-Pad 2000) to 
construct three prototypes.   
Pre-Launch: Before the three prototypes could be 
constructed, the conductive insulation had to be cut 
out using a template. One 20mm by 20mm and one 
60mm by 60mm template were traced and then cut 
out. Using the 60mm by 60mm template, 12 aluminum 
wire mesh and 6 copper wire mesh squares were cut 
out. Using the 20mm by 20mm, 6 copper wire mesh 
and 6 Sil-Pad 200 squares were cut out.
Prototype Construction:
The conductive insulation was then attached to the 
TECs outside due to the potential of a flash fire 
caused by the adhesive spray. Once the TECs were 
connected with their respective conductive insulation, 
the TECs were analyzed individually to determine the 
individual output. Next, TEC groups were striped and 
soldered together to a cable that was attached to a 
USB port. The completed systems were then sewn 
into their respective snow pants. The TECs were first 
sewn into a pocket like holder created with neoprene 
computer protectors. This made it easier to implement 
into the snow pants. Once the TEC systems and the 
sleeves encasing the TECs were sewn in, the USB 
port was placed through the pant pocket from the 
inside of the snow pants.  
Step 5 (Final Analysis):
Each system was then tested to determine its overall 
output (Figure 1-4).
RESULTS: 
Prototype #1 Individual TEC Output: TEC A generated 
.1 Volts, TEC B generated .08 Volts, and TEC B 
generated .01 Volts (Figure 1). The average individual 
TEC output for Prototype #1 was .08667 Volts.
Prototype #2 Individual TEC Output: TEC A generated 
.08 Volts, TEC B generated .08 Volts, and TEC B 
generated .08Volts (Figure 1). The average individual 
TEC output for Prototype #2 was .08 Volts.
Prototype #3 Individual TEC Output: TEC A 
generated .32 Volts, TEC B generated .3 Volts, and TEC 
B generated .39 Volts (Figure 1). The average individual 
TEC output for Prototype #3 was .33667 Volts.
Individual TEC Output: Overall, the TECs that did 
not use any conductive insulation (Prototype #3) 
generated the most energy. The TECs that used the 
least conductive insulation (Prototype #2) generated 
the least energy(Figure 1, 3)
Prototype #1 System Output: Prototype #1 
generated .15 Volts (Figure 2).
Prototype #2 System Output: Prototype #2 
generated .05 Volts (Figure 2).
Prototype #3 System Output: Prototype #3 
generated .35 Volts (Figure 2). 
Prototype Voltage Output: Overall, the system that 
did not use any conductive insulation (Prototype #3) 
generated the most energy. The TECs that used the 
least conductive insulation (Prototype #2) generated 
the least energy (Figure 2, 4).
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Figure 1. 
Individual TEC outputs. Prototype #1 consisted of TEC’s 
with aluminum, copper, and Sil-Pad 2000 insulation, Prototype 
#2 consisted of TEC’s with copper wire mesh, and Prototype 
#3 consisted of TEC’s with no conductive insulation. 
Figure 2. 
Prototype Voltage Outputs. Prototype #1 consisted of 
TEC’s with aluminum, copper, and Sil-Pad 2000 insulation, 
Prototype #2 consisted of TEC’s with copper wire mesh, 
and Prototype #3 consisted of TEC’s with no conductive 
insulation. The second round of data analysis consisted 
of collecting the each of the three TEC systems output. 
Just like the individual TEC’s were tested three times, so to 
were the systems.
Figure 3. 
These are the individual TEC voltage outputs. As seen in 
the graph, all the TEC’s that used no conductive insulation 
(Prototype #3) generated the most voltage on average. The 
TEC’s that used copper mesh as the conductive insulator 
(Prototype #2) generated the least voltage on average.
Figure 4. 
Prototype Voltage Outputs. The second round of data 
analysis consisted of collecting the each of the three TEC 
systems output. Just like the individual TEC’s were tested 
three times, so to were the systems.
DISCUSSION:
The results suggest that out of the prototypes that 
used conductive insulation, the prototype with the 
most conductive insulation (Prototype #1) generated 
the most energy therefore collecting the most heat.
Even though the goal of constructing snow pants that 
generated energy was successful, the snow pants did 
not produce enough energy to satisfy the minimum 
energy input of a lithium ion battery (2.5 volts). This 
was however expected as predicted by “Power 
Management for Energy Harvesting Applications” 
(P. Spies, M. Pollak, G. Rohmer, 2009) which stated 
that without a current regulator, the voltage output of 
thermo-generators is not sufficient to power devices. 
It was also concluded with the help of Dr. Keith Linder 
and Kevin Sampson that TECs cannot be wired together 
like batteries in order to generate a greater voltage. In 
addition, the temperature gradient was not realistic. 
The higher the temperature difference is, the higher the 
voltage generated is. The temperature difference the 
prototypes were exposed to was at least 30 degrees 
lower than what the realistic situation would have been. 
These two factors can explain why the estimated voltage 
was lower than the recorded voltage. 
Using these conclusions and power outputs, electrical 
circuits and/or boost converters can be used to amplify 
the voltage, and have to be used in order to be able 
to fulfill the requirements for lithium ion batteries. 
The prototypes produced currently fulfill many input 
requirements for these voltage boosting systems, so 
the snow pants should be able to charge a handheld 
device. This is why the application of energy harvesting 
snow pants is practical and functional. 
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The overall idea of harvesting power from body heat 
is a new, cost efficient and viable potential energy 
source.  An increasing number of people use handheld 
devices, which consume energy and constantly need 
to be recharged from a stationary source, such as wall 
outlets. This is why the prospect of body heat harvesting 
is a fascinating concept, since body heat is a constantly 
available source, theoretically always allowing power to 
be generated.
Using the Peltier Effect, TECs can be used in a vast 
array of applications. Since the Peltier Effect requires a 
large temperature gradient, applications such as power 
generating coolers, blankets, sleeping bags, etc. would 
be practical. If applications like these were to harvest 
energy, power would be accessible almost anywhere.
The current technology, TECs, have an efficiency of 
7%-10%. This means that there is an ample amount 
of wasted energy that can potentially charge a phone. 
However, more advanced thermoelectric generating 
technology is being developed, such as Power Felt, 
which comes with a much higher efficiency. When 
these advancements are released to the public, the 
idea of power generation from body heat will be 
available to everyone. 
This study shows that TECs have the potential to 
convert body heat into usable energy. The modern 
day equipment (thermoelectric generators) used to 
convert the heat to power is still in its infancy. With a 
low efficiency rate, it is imperative that they are used 
in large quantities
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TEC Thermoelectric Cooler
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